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ductive-type conductive layer and/or a second conductive-
type conductive layer over a metal line. An image sensor may
include a pixel division area formed on and/or over an image
sensing part corresponding to a pixel boundary. An image
sensor may include a ground contact on and/or over a pixel
division area. An image sensor may include a contact plug
connected with a sidewall of an image sensing part. A method
of manufacturing an image sensor is disclosed.
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IMAGE SENSOR AND METHOD FOR
MANUFACTURING THE SAME

The present application claims priority under 35 U.S.C.
119 to Korean Patent Application No. 10-2008-0099081
(filed on Oct. 9, 2008), Application No. 10-2008-0101174
(filed on Oct. 15, 2008) and Application No. 10-2008-
0101168 (filed on Oct. 15, 2008), which are hereby incorpo-
rated by references in their entirety.

BACKGROUND

Embodiments relate to an electric device and methods
thereof. Some embodiments relate to an image sensor and
methods of manufacturing an image sensor.

A photodiode (PD) may be formed by implanting ions into
a substrate. As the size of a PD is relatively decreased such
that the number of pixels is relatively increased substantially
without the increase of a chip size, image quality may be
relatively degraded due to an area reduction of a light receiv-
ing part. A stack height may not be decreased relative to an
area reduction of a light receiving part and the number of
photons input into a light receiving part may be relatively
decreased due to a diffraction of light called “Airy Disk”.

A PD may be deposited using amorphous silicon (Si). A
readout circuitry may be formed on and/or over a Si-substrate
through a wafer-to-wafer bonding scheme. A PD may be
formed on and/or over a readout circuitry, which may refer-
ence a three-dimensional (3-D) image sensor. A PD may be
connected to a readout circuitry through a metal line.

After two wafers have been bonded to each other, a process
of forming a signal line may be required with respect to a
wafer having a photodiode thereover. Although a 3-D device
may be realized, light loss may occur due to light reflection
caused by a metal line. A ground contact may be formed at a
predetermined area of an upper portion of a photodiode.
However, a metal line may be required for connection of a
ground contact. Since a metal line may cause light reflection,
light loss may occur.

Accordingly, there is a need for an image sensor and a
method of manufacturing an image sensor which may mini-
mizing light loss, for example by maximizing formation of a
signal line.

SUMMARY

Embodiments relate to an image sensor and a method of
manufacturing an image sensor. According to embodiments,
an image sensor and a method of manufacturing an image
sensor may minimize light loss, for example by maximizing
formation of a signal line.

Embodiments relate to an image sensor. According to
embodiments, an image sensor may include a readout cir-
cuitry. In embodiments, a readout circuitry may include a
metal line over a first substrate. In embodiments, an image
sensor may include an image sensing part. In embodiments,
an image sensing part may include a first conductive-type
conductive layer and/or a second conductive-type conductive
layer on and/or over a metal line. In embodiments, an image
sensor may include a pixel division area. In embodiments, a
pixel division area may be formed on and/or over an image
sensing part which may correspond to a pixel boundary. In
embodiments, an image sensor may include a ground contact
on and/or over a pixel division area.

Embodiments relate to a method of manufacturing an
image sensor. According to embodiments, a method of manu-
facturing an image sensor may include forming a readout
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circuitry, which may include a metal line on and/or over a first
substrate. In embodiments, a method of manufacturing an
image sensor may include forming an image sensing part,
which may include a first conductive-type conductive layer
and/or a second conductive-type conductive layer on and/or
over a metal line. In embodiments, a method of manufactur-
ing an image sensor may include forming a pixel division area
on and/or over an image sensing part, which may correspond
to a pixel boundary. In embodiments, a method of manufac-
turing an image sensor may include forming a ground contact
on and/or over a pixel division area.

According to embodiments, an image sensor and a method
of manufacturing an image sensor may minimize light loss by
maximizing formation of a signal line. In embodiments, an
image sensor and a method of manufacturing an image sensor
may include a minimized resistance of a signal line connected
to a photodiode, for example in a 3-D image sensor, such that
relative sensitivity of an image sensor may be maximized. In
embodiments, an image sensor and a method of manufactur-
ing an image sensor may maximize a dark current character-
istic by minimizing a damaged area of a photodiode.

Embodiments relate to an image sensor. According
embodiments, an image sensor may include a readout cir-
cuitry which may have a metal line on and/or over a first
substrate. In embodiments, an image sensor may include an
image sensing part, which may have a first conductive-type
conductive layer and/or a second conductive-type conductive
layer on and/or over a metal line. In embodiments, an image
sensor may include a contact plug which may be connected to
a sidewall of an image sensing part.

Embodiments relate to manufacturing an image sensor.
According embodiments, a method of manufacturing an
image sensor may includes forming a readout circuitry, which
may include a metal line on and/or over a first substrate. In
embodiments, a method of manufacturing an image sensor
may include forming an image sensing part, which may
include a first conductive-type conductive layer and/or a sec-
ond conductive-type conductive layer on and/or over a metal
line. In embodiments, a method of manufacturing an image
sensor may include forming a contact plug, which may be
connected to a sidewall of an image sensing part.

According to embodiments, an image sensor and a method
of manufacturing an image sensor may minimize light loss by
maximizing formation of a signal line. In embodiments, an
image sensor and a method of manufacturing an image sensor
may minimize resistance of a signal line connected to a pho-
todiode, for example in a 3-D image sensor, such that sensi-
tivity of the image sensor may be maximized. In embodi-
ments, an image sensor and a method of manufacturing an
image sensor may maximize a dark current characteristic by
minimizing a damaged area of a photodiode.

Embodiments relate to an image sensor. According
embodiments, an image sensor may include a readout cir-
cuitry, which may include a metal line on and/or over a first
substrate. In embodiments, an image sensor may include an
image sensing part, which may include a first conductive-type
conductive layer and/or a second conductive-type conductive
layer on and/or over a metal line. In embodiments, an image
sensor may include a contact plug, which may be connected
to a sidewall of the image sensing part.

Embodiments relate to a method of manufacturing an
image sensor. According embodiments, a method of manu-
facturing an image sensor may include forming a readout
circuitry, which may including a metal line on and/or over a
first substrate. In embodiments, a method of manufacturing
an image sensor may include forming an image sensing part,
which may including a first conductive-type conductive layer
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and/or a second conductive-type conductive layer on and/or
over a metal line. In embodiments, a method of manufactur-
ing an image sensor may include forming a contact plug,
which may be connected to a sidewall of the image sensing
part.

According to embodiments, for an image sensor and a
method of manufacturing an image sensor, the position of a
contact formed on and/or over a photodiode for ground-con-
nection may be changed to a sidewall of a pixel division area.
In embodiments, light loss caused by a contact may be mini-
mized. In embodiments, formation of a signal line may be
maximized.

According to embodiments, only one part may subjectto a
Si-etching process in contrast to when two parts are subject to
a Si-etching process. In embodiments, light loss and dark
current may be minimized.

According to embodiments, a signal contact of an upper
photodiode may be formed on and/or over a lower portion,
which may be a substantially whole lower portion, of a pixel
division area instead of a central portion of a pixel. In embodi-
ments, a contact area may be maximized such that resistance
is minimized, thereby maximizing sensitivity of an image
Sensor.

DRAWINGS

FIG. 1 is a plan view illustrating an image sensor in accor-
dance with embodiments.

FIG. 2 is a sectional view taken along line A-A of an image
sensor in accordance with embodiments.

FIG. 3 is a sectional view taken along line B-B of an image
sensor in accordance with embodiments.

FIG. 4 to FIG. 12 are sectional views illustrating a method
of manufacturing an image sensor in accordance with
embodiments.

FIG. 13 isaplan view illustrating an image sensor an image
sensor in accordance with embodiments.

FIG. 14 is a sectional view taken along line C-C of an
image sensor in accordance with embodiments.

FIG. 15 to FIG. 20 are sectional views illustrating a method
of manufacturing an image sensor in accordance with
embodiments.

FIG. 21 is a plan view illustrating an image sensor an image
sensor in accordance with embodiments.

FIG. 22 is a sectional view taken along line D-D of an
image sensor in accordance with embodiments.

FIG. 23 isa sectional view taken along line E-E of an image
sensor in accordance with embodiments.

FIG. 24 to FIG. 32 are sectional views illustrating a method
of manufacturing an image sensor in accordance with
embodiments.

DESCRIPTION

Embodiments relate to an image sensor and a method of
manufacturing an image sensor. According to embodiments,
embodiments are not limited to a CMOS image sensor and
may be adapted to an image sensor requiring a photodiode.
Referring to example FIG. 1, a plan view illustrates an image
sensor in accordance with embodiments. Referring to
example FIG. 2, a sectional view taken along line A-A is
illustrated. Referring to example FIG. 3, a sectional view
taken along line B-B is illustrated.

According to embodiments, an image sensor may include a
readout circuitry formed on and/or over a first substrate. In
embodiments, an image sensor may include metal line 150. In
embodiments, an image sensor may include image sensing
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part 210 formed on and/or over metal line 150. In embodi-
ments, image sensing part 210 may include first conductive-
type conductive layer 214 and/or second conductive-type
conductive layer 216. In embodiments, an image sensor may
include pixel division area 250, which may be placed at a
boundary of a pixel and which may be formed on and/or over
image sensing part 210. In embodiments, an image sensor
may include a ground contact 273, which may be formed on
and/or over pixel division area 250.

According to embodiments, a position of a ground contact
formed on and/or over a photodiode for the purpose of a
ground-connection may be changed to a sidewall of a pixel
division area. In embodiments, light loss caused by a ground
contact may be minimized. In embodiments, formation of a
signal line may be maximized.

Referring to FIG. 2, a sectional view taken along line A-A
is illustrated. According to embodiments, an image sensing
part 210 may be formed on and/or over metal line 150. In
embodiments, a readout circuitry may include metal line 150
and may be formed on and/or over a first substrate. In embodi-
ments, a readout circuitry may include a transfer transistor, a
reset transistor, a drive transistor and/or a select transistor, but
embodiments are not limited thereto.

According to embodiments, metal line 150 may be electri-
cally connected to a readout circuitry, and may be formed on
and/or over first interlayer dielectric layer 160. In embodi-
ments, metal line 150 may be formed after forming first
interlayer dielectric layer 160 on and/or over a first substrate.
In embodiments, a second interlayer dielectric layer 162 may
be formed on and/or over metal line 150.

According to embodiments, first and/or second conduc-
tive-type conductive layers 214 and 216, respectively, may be
formed through an ion implantation process, and may be
formed after forming a crystal semiconductor layer on and/or
over a second substrate. In embodiments, high-concentration
first conductive-type conductive layer 212 may be formed, for
example under first conductive-type conductive layer 214,
and may serve as an ohmic contact layer.

According to embodiments, a first substrate may be bonded
to a second substrate such that metal line 15 may correspond
to image sensing device 210. In embodiments, a second sub-
strate may be removed from the resultant structure except for
image sensing part 210.

According to embodiments, a trench may be formed to
expose metal line 150 by removing a portion of image sensing
part 210. In embodiments, a metallic layer may be filled on
and/or over a trench. In embodiments, a portion of a metallic
layer contacting second conductive-type conductive layer
216 may be removed to form contact plug 230. In embodi-
ments, first insulating layer 260 may be formed on and/or over
contact plug 230. In embodiments, barrier metal 231 may be
formed between contact plug 230 and image sensing part 210.

According to embodiments, a portion of image sensing part
210 may be removed from a pixel boundary. In embodiments,
an insulating layer may be filled in the removed area, thereby
forming pixel division area 250. In embodiments, ground line
271 may be formed on and/or over pixel division area 250, for
example by using a metallic layer.

According to embodiments, contact plug 230 may directly
connect metal line 150 to image sensing part 210 such that
signals can more effectively be transmitted. In embodiments,
contact plug 230 may be removed from second conductive-
type conductive layer 216, such that a short may be mini-
mized.

Referring to example FIG. 3, a sectional view taken along
line B-B is illustrated. According to embodiments, ground
contact 273 may be formed at a pixel boundary, for example
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as illustrated in FIG. 3 and with reference to example FIG. 4
to FIG. 12. Referring to FIG. 4, image sensing part 210 may
be formed on and/or over metal line 150. In embodiments,
first insulating layer 260 may have been formed on and/or
over image sensing part 210.

Referring to example FIG. 5, pixel division area 250 may
be formed on and/or over image sensing part 210. In embodi-
ments, image sensing part 210 corresponding to a pixel
boundary may be removed, for example using first photore-
sistlayer 510 as an etch mask, thereby forming first trench T1.
Referring to example FIG. 6, first photoresist layer 510 may
be removed. Referring to FIG. 7, pixel division area 250 may
be formed on and/or over trench T1 as an insulating layer.

Referring to example FIG. 8, a portion of pixel division
area 250 may be removed, for example using second photo-
resist layer 520 as an etching mask, thereby forming second
trench T2 to expose a lateral side of second conductive-type
conductive layer 216 of image sensing part 210. In embodi-
ments, first conductive-type conductive layer 214 may not be
exposed. Referring to FIG. 9, metal layer 273a¢ may be
formed on and/or over second trench T2 for a ground contact.

Referring to example FIG. 10, photoresist layer 530 may be
formed on and/or over metal layer 273a such that metal layer
273a corresponding to pixel division area 250 may not be
exposed. Referring to example FIG. 11, metal layer 2734 may
be etched, for example using third photoresist layer 530 as an
etching mask, thereby forming ground contact 273 making
contact with a lateral side of second conductive-type conduc-
tive layer 216. Referring to example FIG. 12, third photoresist
layer 530 may be removed to form ground contact 273, for
example as illustrated in FIG. 3 on and/or over a pixel bound-
ary.

According to embodiments, an image sensor and a method
of manufacturing an image sensor may include a position of
a ground contact formed on and/or over a photodiode for the
purpose of ground-connection which may be changed to a
sidewall of a pixel division area. In embodiments, light loss
caused by a ground contact may be minimized. In embodi-
ments, formation of a signal line may be maximized.

Embodiments relate to an image sensor. Referring to
example FIG. 13, a plan view illustrates an image sensor in
accordance with embodiments. Referring to example FIG.
14, a sectional view taken along line C-C is illustrated.

According to embodiments, an image sensor may include a
readout circuitry, which may be formed on and/or over a first
substrate. In embodiments, an image sensor may include a
metal line 150. In embodiments, an image sensor may include
an image sensing part 310. In embodiments, image sensing
part 310 may be formed on and/or over metal line 150. In
embodiments, image sensing part 310 may include first con-
ductive-type conductive layer 314 and/or a second conduc-
tive-type conductive layer 316. In embodiments, a contact
plug 330 may be connected to a sidewall of image sensing part
310.

According to embodiments, only one part may subjectto a
Si-etching process in contrast to when two parts are subject to
a Si-etching process. In embodiments, light loss and dark
current may be minimized. In embodiments, a signal contact
of an upper photodiode may be formed on and/or over a
portion, which may be a substantially whole lower portion, of
a pixel division area instead of a central portion of a pixel. In
embodiments, a contact area may be maximized such that
resistance may be minimized. In embodiments, sensitivity of
an image sensor may be maximized.

Embodiments relate to a method of manufacturing an
image sensor. Referring to example FIG. 15, an image sens-
ing part 310 may be formed on and/or over metal line 150.
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According to embodiments, a method of manufacturing an
image sensor may include forming a readout circuitry which
may include metal line 150 on and/or over a first substrate. In
embodiments, a readout circuitry may include a transfer tran-
sistor, a reset transistor, a drive transistor and/or a select
transistor, but the embodiment is not limited thereto.

According to embodiments, first interlayer dielectric layer
160 may be formed on and/or over a first substrate. In embodi-
ments, metal line 150 may be formed, and may be electrically
connected to readout circuitry, on and/or over first interlayer
dielectric layer 160. In embodiments, second interlayer
dielectric layer 162 may be formed on and/or over metal line
150.

According to embodiments, a crystal semiconductor layer
may be formed on and/or over a second substrate. In embodi-
ments, first and/or second conductive-type conductive layers
314 and 316, respectively, may be formed, for example
through an ion implantation process. In embodiments, high-
concentration first conductive-type conductive layer 312 may
be formed, for example under first conductive-type conduc-
tive layer 314, and may serve as an ohmic contact layer. In
embodiments, the first substrate may be bonded to the second
substrate such that metal line 15 may correspond to image
sensing device 310. In embodiments, the second substrate
may be removed from the resultant structure except for image
sensing part 310. In embodiments, first insulating layer 360
may be formed on and/or over image sensing part 310.

Referring to example FIG. 16, first trench T1 may be
formed to expose the metal line 150 by removing a portion of
apixel boundary of image sensing part 310. In embodiments,
a portion of a pixel boundary of image sensing part 310 may
be removed using fourth photoresist pattern 610 as an etching
mask, thereby forming first trench T1 to expose metal line
150. In embodiments, a horizontal width of metal line 150
may be wider than that of image sensing part 310, such that a
portion of metal line 150 may be exposed in a process for first
trench T1. In embodiments, contact plug 330 may be formed
at the sidewall of image sensing part 310 and may contact
metal line 150.

Referring to example FIG. 17, metal layer 330a may be
filled on and/or over first trench T1. In embodiments, metal
layer 330a may be formed while making contact with a side-
wall of image sensing part 310. In embodiments, metal layer
330q may include tungsten having conductivity, but embodi-
ments are not limited thereto. Referring to FIG. 18. a portion
of'metal layer 330a may be etched to form contact plug 330 at
a sidewall of image sensing device 310. In embodiments, an
etch back process may be performed with respect to metal
layer 330a to form contact plug 330 at a sidewall of image
sensing device 310, but embodiments are not limited thereto.

According to embodiments, contact plug 330 may be con-
nected to high-concentration first conductive-type conductive
layer 312 when contact plug 330 is formed. In embodiments,
contact plug 330 may be connected to first conductive-type
conductive layer 314. In embodiments, contact plug 330 may
not make contact with second conductive-type conductive
layer 316 and may minimize a short. In embodiments, contact
plugs 330 may be connected to both sidewalls of image sens-
ing part 310.

According to embodiments, an image sensor and a method
for manufacturing an image sensor may include only one part
that may be subject to a Si-etching process, in contrast to
when two parts are subject to a Si-etching process. In embodi-
ments, light loss may be reduced and dark current character-
istics may be improved. In embodiments, a signal contact of
anupper photodiode may be formed on and/or over a portion,
which may be a substantially whole lower portion, of a pixel
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division area instead of a central portion of a pixel. In embodi-
ments, a contact area may be maximized such that that resis-
tance may be minimized. In embodiments, sensitivity of an
image sensor may be maximized.

Referring to example FIG. 19, an insulating layer may be
filled at a pixel boundary such that pixel division area 230
may be formed. Referring to FIG. 20, ground line 371 may be
formed on and/or over pixel division area 350, for example
using a metal layer. In embodiments, ground line 371 may be
electrically connected to second conductive-type conductor
316 of image sensing part 310, for example through ground
contact 373.

Embodiments relate to an image sensor. Referring to
example FIG. 21, a plan view illustrates an image sensor in
accordance with embodiments. Referring to example FIG.
22, a sectional view taken along line D-D is illustrated. Refer-
ring to FIG. 23, a sectional view taken along line E-E is
illustrated.

According to embodiments, an image sensor may include a
readout circuitry formed on and/or over a first substrate. In
embodiments, an image sensor may include a metal line 150.
Inembodiments, an image sensing part 410 may be formed on
and/or over metal line 150. In embodiments, an image sensing
part may include first conductive-type conductive layer 414
and/or second conductive-type conductive layer 416. In
embodiments, contact plug 430 may be connected to side-
walls of image sensing part 410.

According to embodiments, an image sensor may include
ground contact 473 formed on and/or over pixel division area
450 of image sensing part 410. In embodiments, a position of
a ground contact formed on and/or over a photodiode for the
purpose of ground-connection may be changed to a sidewall
of'a pixel division area. In embodiments, light loss caused by
a ground contact may be minimized. In embodiments, forma-
tion of a signal line may be maximized.

According to embodiments, only one part may be subject
to a Si-etching process in contrast to when two parts are
subject to a Si-etching process. In embodiments, light loss
may be minimized and dark current characteristics may be
maximized. In embodiments, a signal contact of an upper
photodiode may be formed over a portion, which may be a
substantially whole lower portion, of a pixel division area
instead of a central portion of a pixel. In embodiments, a
contact area may be maximized such that resistance may be
minimized. In embodiments, sensitivity of an image sensor
may be maximized.

Embodiments relate to a method of manufacturing an
image sensor. Referring to example FIG. 24, image sensing
part 410 may be formed on and/or over metal line 150.
According to embodiments, an image sensor may include a
readout circuitry which may be formed on and/or over a first
substrate. In embodiments, an image sensor may include
metal line 150. In embodiments, a readout circuitry may
include a transfer transistor, a reset transistor, a drive transis-
tor and/or a select transistor, but embodiments are not limited
thereto.

According to embodiments, a first interlayer dielectric
layer 160 may be formed on and/or over a first substrate. In
embodiments, line 150 may be electrically connected to a
readout circuitry and may be formed on and/or over first
interlayer dielectric layer 160. In embodiments, second inter-
layer dielectric layer 162 may be formed on and/or over metal
line 150.

According to embodiments, a crystal semiconductor layer
may be formed on and/or over a second substrate. In embodi-
ments, first and/or second conductive-type conductive layers
414 and 416, respectively, may be formed for example
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through an ion implantation process. According to embodi-
ments, high-concentration first conductive-type conductive
layer 412 may be formed, for example under the first conduc-
tive-type conductive layer 214, and may serve as an ohmic
contact layer.

According to embodiments, a first substrate may be bonded
with a second substrate such that metal line 15 may corre-
spond to image sensing device 410. In embodiments, second
substrate may be removed from the resultant structure except
for image sensing part 410. In embodiments, first insulating
layer 460 may be formed on and/or over image sensing part
410.

Referring to example FIG. 25, first trench T1 may expose
metal line 150 and may be formed by removing a portion of a
pixel boundary of image sensing part 410. In embodiments,
first trench T1 may expose metal line 150 and may be formed
by removing a portion of a pixel boundary of image sensing
part 410 using fifth photoresist pattern 620 as an etching
mask. In embodiments, a horizontal width of metal line 150
may be wider than that of image sensing part 410, such that a
portion of metal line 150 may be exposed in a process for first
trench T1. In embodiments, contact plug 430 may be formed
at a sidewall of image sensing part 310 and may contact metal
line 150.

Referring to FIG. 26, metal layer 430a may be filled on
and/or over first trench T1. In embodiments, metal layer 430a
may be formed and may contact a sidewall of the image
sensing part 410. In embodiments, metal layer 430a may
include tungsten having conductivity, but embodiments are
not limited thereto.

Referring to example FIG. 27, a portion of metal layer 430a
may be etched to form contact plug 430 at a sidewall of image
sensing device 410. In embodiments, an etch back process
may be performed with respect to metal layer 430a to form
contact plug 430 at a sidewall of image sensing device 410,
but embodiments are not limited thereto.

According to embodiments, contact plug 430 may be con-
nected to high-concentration first conductive-type conductive
layer 412 when contact plug 430 is formed. In embodiments,
contact plug 430 may be connected to first conductive-type
conductive layer 414. In embodiments, contact plug 430 may
not contact second conductive-type conductive layer 416 and
may minimize a short. In embodiments, contact plugs 430
may be connected to both sidewalls of image sensing part
410.

According to embodiments, an image sensor and a method
of manufacturing an image sensor may provide, only one part
may be subjectto a Si-etching process in contrast to when two
parts are subject to a Si-etching process. In embodiments,
light loss and dark current may be minimized. In embodi-
ments, a signal contact of an upper photodiode may be formed
on and/or over a portion, which may include a substantially
whole lower portion, of a pixel division area instead of a
central portion of a pixel. In embodiments, a contact area may
be maximized such that resistance may be minimized. In
embodiments, sensitivity of an image sensor may be maxi-
mized.

Referring to example FIG. 28, an insulating layer may be
filled at a pixel boundary so that a pixel division area 450 may
be formed. In embodiments, a ground line 471 may be formed
on and/or over pixel division area 450, for example using a
meal layer. Referring to example FIG. 29, a portion of pixel
division area 450 may be removed, for example using sixth
photoresist layer 630 as an etching mask. In embodiments,
second trench T2 may be formed to expose a lateral side of
second conductive-type conductive layer 416 of image sens-
ing part 410. In embodiments, second trench T2 may expose
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a lateral side of second conductive-type conductive layer 416
such that first conductive-type conductive layer 414 may not
be exposed to minimize a short.

Referring to FIG. 30, sixth photoresist layer 630 may be
removed. In embodiments, metal layer 473a may be formed
onand/or over second trench T2. In embodiments, metal layer
473a may have conductivity and may be used for a ground
contact. Referring to example FIG. 31, seventh photoresist
layer 640, which may not expose metal layer 473a for a
ground contact, may be formed on and/or over pixel division
area 450. In embodiments, an exposed portion of metal layer
473a may be etched, for example using seventh photoresist
layer 640 as an etching mask. In embodiments, ground con-
tact 473 may be formed and may contact a lateral side of
second-type conductive layer 416. Referring to example FIG.
32, seventh photoresist layer 640 may be removed such that
ground contact 473 may be completed at a pixel boundary.

According to embodiments, an image sensor and a method
of manufacturing an image sensor may include a position of
a ground contact formed on and/or over a photodiode for the
purpose of ground-connection which may be changed to a
sidewall of a pixel division area. In embodiments, light loss
caused by a ground contact may be minimized. In embodi-
ments, formation of a signal line may be maximized.

According to embodiments, only one part may be subject
to a Si-etching process in contrast to when two parts are
subject to a Si-etching process. In embodiments, light loss
and/or dark current may be minimized. In embodiments, a
signal contact of an upper photodiode may be achieved by
surrounding a portion, which may be a substantially whole
lower portion, of a pixel division layer instead of a central
portion of a pixel. In embodiments, a contact area may be
maximize to minimize resistance. In embodiments, sensitiv-
ity of an image sensor may be maximized.

According to embodiments, a method of manufacturing an
image sensor may include forming a readout circuitry on
and/or over a first substrate. In embodiments, an image sensor
may include a metal line. In embodiments, a method of manu-
facturing an image sensor may include forming an image
sensing part. In embodiments, an image sensing part may
include a first conductive-type conductive layer and/or a sec-
ond conductive-type conductive layer which may be on and/
or over a metal line. In embodiments, a method of manufac-
turing an image sensor may include forming a pixel division
area formed on and/or over an image sensing part correspond-
ing to a pixel boundary. In embodiments, a method of manu-
facturing an image sensor may include forming a ground
contact on and/or over a pixel division area.

According to embodiments, forming a pixel division area
on and/or over an image sensing part may include forming a
first trench, for example by removing an image sensing part
corresponding to a pixel boundary, and/or filling an insulating
layer on and/or over a first trench. In embodiments, forming a
ground contact may include removing a portion of a pixel
division area to expose a lateral side of a second conductive-
type conductive layer of an image sensing part, and/or form-
ing a ground contact which may contact a lateral side of a
second conductive-type conductive layer.

According to embodiments, forming a ground contact may
include removing a portion of a pixel division area to form a
second trench such that a lateral side of a second conductive-
type conductive layer of an image sensing part may be
exposed, and/or filling a metal layer on and/or over a second
trench such that a metal layer contacts a lateral side of a
second conductive-type conductive layer. In embodiments, a
method of manufacturing an image sensor may include form-
ing a third trench to expose a metal line by removing a portion
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of an image sensing part, and/or forming a contact plug by
filling a metal layer on and/or over a third trench. In embodi-
ments a metal layer of a third trench in contact with a second
conductive-type conductive layer may be removed.

It will be obvious and apparent to those skilled in the art
that various modifications and variations can be made in the
embodiments disclosed. Thus, it is intended that the disclosed
embodiments cover the obvious and apparent modifications
and variations, provided that they are within the scope of the
appended claims and their equivalents.

What is claimed is:

1. An apparatus comprising:

a readout circuitry including a metal line over a first sub-

strate;

an image sensing part including a first conductive-type

conductive layer and a second conductive-type conduc-
tive layer over said metal line;

a pixel division area over said image sensing part corre-

sponding to a pixel boundary; and

a ground contact over said pixel division area.

2. The apparatus of claim 1, wherein said pixel division
area comprises an insulating layer over a first trench formed
by removing said image sensing part corresponding to said
pixel boundary.

3. The apparatus of claim 1, wherein said ground contact
comprises a metal layer over a second trench formed by
removing a portion of said pixel division area to expose a
lateral side of said second conductive-type conductive layer,
wherein said ground contact contacts a lateral side of said
second conductive-type conductive layer.

4. The apparatus of claim 1, comprising a contact plug over
a third trench formed by removing a portion of said image
sensing part to expose said metal line.

5. The apparatus of claim 4, wherein said contact plug
contacts said first conductive-type conductive layer.

6. An apparatus comprising:

a readout circuitry including a metal line over a first sub-

strate;

an image sensing part including a first conductive-type

conductive layer and a second conductive-type conduc-
tive layer over said metal line; and

a contact plug connected with a sidewall of said image

sensing part.

7. The apparatus claim 6, wherein said contact plug is
connected to at least two sidewalls of said image sensing part.

8. The apparatus of claim 6, wherein said contact plug is
connected to said first conductive-type conductive layer.

9. The apparatus of claim 6, wherein said metal line com-
prises a horizontal width wider than a horizontal width of said
image sensing part.

10. The apparatus of claim 6, comprising a ground contact
over a pixel division area of said image sensing part.

11. The apparatus of claim 10, wherein said ground contact
contacts a lateral side of said second conductive-type conduc-
tive layer.

12. A method comprising:

forming a readout circuitry including a metal line over a

first substrate;

forming an image sensing part including a first conductive-

type conductive layer and a second conductive-type con-
ductive layer over said metal line; and

forming a contact plug connected to a sidewall of said

image sensing part.

13. The method of claim 12, wherein said contact plug is
connected to at least two sidewalls of said image sensing part.

14. The method of claim 12, wherein said contact plug is
connected to said first conductive-type conductive layer.
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15. The method of claim 12, wherein forming said contact
plug comprises:

forming a first trench to expose said metal line by removing

aportion of a pixel boundary of said image sensing part;
forming a metal layer over said first trench; and

etching a portion of said metal layer to form said contact

plug at said sidewall.

16. The method of claim 15, wherein etching said portion
of'said metal layer comprises an etch-back process performed
with respect to said metal layer such that said contact plug is
formed at said sidewall of said image sensing part.

17. The method of claim 12, wherein said metal line com-
prises a horizontal width wider than a horizontal width of said
image sensing part.

18. The method of claim 12, comprising forming a ground
contact over a pixel division area of said image sensing part.
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19. The method of claim 18, wherein forming said ground
contact comprises:
removing a portion of said pixel division area to expose a
lateral side of said second conductive-type conductive
layer; and
forming said ground contact contacting said lateral side of
said second conductive-type conductive layer.
20. The method of claim 18, wherein forming said ground
contact comprises:
forming a second trench by removing a portion of said
pixel division area to expose a lateral side of said second
conductive-type conductive layer; and
filling a metal layer over said second trench such that said
ground contact contacts said lateral side of said second
conductive-type conductive layer.
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